1H13C HSQC NMR spectroscopy for estimating procyanidin/prodelphinidin and cis/transflavan3ol ratios of condensed tannin samples: correlation with thiolysis. Journal of Agricultural and Food Chemistry, 63 (7 HSQC NMR spectroscopy appears to be a viable alternative to thiolysis for estimating PC/PD 10 and cis/trans ratios of CT, if precautions are taken to avoid integration of cross-peak contours of 11 contaminants.
INTRODUCTION

15
Condensed tannins (CTs) (also referred to as proanthocyanidins or PACs) represent a class of as the C4-C6 also occur in CTs.
26
A major point of interest in CTs stems from the potential positive impact they could bring 27 to the agricultural industry because of their ability to modulate proteolysis during forage 28 conservation and ruminal digestion, 3-7 to prevent bloat, 8 reduce intestinal parasite burdens 9 and 29 lessen methane emissions from ruminants. 10, 11 It is thought that the CT composition may play a 30 role in how effectively they impart their biological effects on each of these outcomes, improving 31 both the economical and environmental sustainability of ruminant farm operations. Thus, results
32
from in vitro and in vivo experiments where CT content is known and the composition is well-33 defined should reveal CT types and levels that are required for optimizing ruminant health and 34 productivity. Such information would help plant breeders with selection for CT content and 35 structure and also help identify plant varieties that are good candidates for genetic modification.
mixtures within and isolated from plant materials remain a high priority. 
72
MATERIALS AND METHODS
73
General Procedure for Purification and Characterization of Condensed Tannins.
74
Condensed tannins were purified from dried and milled plant material and analyzed for CT 75 composition and purity as previously described. 15, 16 Briefly, dried plant material was milled
76
(typically using a cyclone mill) containing a 1 or 0.5 mm screen and the resulting ground 77 material was extracted with 7:3 acetone/water (3 x 10 mL/g of dried material) and filtered. percentage of PCs in the CT sample was calculated using the equation (1):
where PC-6ˈ is the integration of the contour for the H/C-6ˈcross-peak of the PC units and PD-
112
2ˈ6ˈ is the integration of the contour for the H/C-2ˈ,6ˈcross-peak of the PD units. The PD-2ˈ-6ˈ Integrations of cross-peaks were performed in triplicate and the values were averaged.
119
Integration of the peaks was performed using Topspin 2.1 software. 
120
RESULTS AND DISCUSSION
139
In the 1 H-13 C HSQC NMR spectra of these samples, a combination of the nuclei T1 and 
168
To test for variability in sample to sample preparation and data acquisition, we prepared 169 duplicate NMR solutions from the same CT samples and obtained NMR spectra of these 170 preparations on different days. These results are given in Table 2 . As shown, there is excellent this is a robust method for estimation of PC/PD ratios in purified CT samples. subunits is the most likely contributing factor for slightly larger discrepancies between the responsible for the biased regression fit ( Figure 3B ). 1.60 N = Not detected; ND = not determined as based on single analyses Note: % purity refers to g tannins/100 g fraction; % PD = 100 -% PC; % trans = 100 -% cis. Note: Percentages for prodelphinidins (PD) and trans flavanols are not shown as % PD = 100 -% PC and % trans = 100 -% cis. 
